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necessary to eliminate destructive fishing gears and methods control fishing 
effort (number of fishermen , boats, fish processing plants and their capacity) . 
The second contributing factor seems to be the changes and reduction in the 
quantity and probably quality of the prey available to the predator. The main prey 
species (Mukene, Nile tilapia and Nile perch itself) are also the main commercial 
I 
fish species. There is , therefore competition between Nile perch and the fishery. 
It will be necessary to consider this when designing of management option for the 
lakes. 
I 
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II Abstract 
I 
Mukene, Rastrineobola argentea is currently among the three most important 
commercial fish species in Uganda. Its fishery is becoming increasingly 
important in Lake Kyoga. The fishery and biological characteristics of Mukene in 
Lake Kyoga were examined to provide information that would guide exploitation 
II 
of the Mukene fishery. The fishery for Mukene on Lake Kyoga started around 
1995 and has grown steadily. It has become very lucrative yielding on average 
220 kg of fish per boat per night and this can be as high as half a tone. 
I 
The species breeds throughout the year with two peaks breeding periods during 
the months of August and January. Least breeding occurs in the months of April 
II 
to July. The Lake Kyoga Mukene show higher rate of breeding frequency than 
Lake Victoria with at least 30% of the fish in breeding condition all the year round . 
The species grows to a much smaller average adult size of 36 .8mm compared to 
40.8mm in Lake Victoria . Both sexes reach that size at first maturity at 30mm SL 
which is again smaller the size at first maturity of 42mm for females and 41 mmI for males recorded in Lake Victoria . 
Fishing for Mukene started with a mesh size of 5mm and was later replaced by a I 3mm net. Although these small meshes may not be harmful to Mukene itself, 
they capture many juveniles of non-target species such as tilapia and the Nile 
perch especially in closed bays and near shore areas. Fishing for Mukene I should , therefore be conducted away from closed bays and inshore areas. 
I Introduction Mukene, Rastrineobo/a argentea, is a small pelagic cyprinid fish species 
occurri ng in lakes Victoria , Kyoga and Nabugabo. Until about a decade and a half I ago, Mukene was not being seriously fished in Uganda. At that time the fishery 
I 
on these lakes was based on larger table fish such as the endemic Tilapias , 
Oreochromis (Oreochromis) esculentus (G.) and Oreochromis (Nyasati/apia) 
variabi/is (B. ), the catfishes, Bagrus docmac and Clarias gariepinus (B.) and the 
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lungfish Protopterus aethiopicus (H .). Stocks of many of these native species 
declined rapidly following the successful establishment of the introduced fish 
species the Nile perch, Lates niloticus (L.) and the Nile tilapia , Oreochromis 
(Oreochromis) niloticus (L.) Lake Kyoga. The only native fish species that 
persisted in the presence of the predatory Nile perch was Mukene. It became a 
major prey of the Nile perch following depletion of haplochromines, which initially 
were the preferred prey of the predator. Due to its current position in the food 
web , Mukene plays an important role in the ecosystems of the lakes in which it 
occurs. It transfers energy from the lower (zooplankton) to the higher (Nile perch) 
trophic levels. The species also remains the only endemic species of the lake 
under serious commercial exploitation. It is second overall to the Nile 
perch , and may holds first position at many landings on Lake Kyoga . The species 
is exploited for both human consumption and animal feeds manufacture. 
Evolution of the Mukene fishery on Lake Kyoga 
Although the R. argentea was present in Lake Kyoga, fishermen on this lake 
were not aware of its existence until its presence was demonstrated during 
research cruises by FIRRI during the late 1980s and early 1990s. The Mukene 
fishery on Lake Kyoga started from Bukungu fish landing in 1994. In that year 
less than ten canoes using scoop nets of 5mm mesh were in operation . By the 
beginning of 1996, a 3mm mesh net had been introduced and the fishery had 
spread to other landings on the lake. A survey conducted in September 1997 
showed that Mukene was being landed as far away as Kayago in Lira District. 
Other landings where the species was observed were Bangala , Kapiokolo , and 
Iyingo. A total of 109 canoes using Lampara nets were then operating lake-wide . 
Scientific Studies of Mukene on Lake Kyoga 
Because of the previous little interest in the species, scientific information on R. 
argentea has been lacking . Now that the species is commercially important and 
its fishery is fast expanding in both lakes Victoria and Kyoga , it has become 
necessary to provide information on the fishery to guide management in this 
important fishery. This paper examines the evolution of the Mukene fishery on 
Lake Kyoga and some of the key biological characteristics which are vital for its 
exploitation and management. 
Study Areas, Materials and methods 
The Mukene commercial fishery was monitored and experimental fishing was 
done at Bukungu from 1995. Monthly samples were taken covering the whole of 
the year 1997. 
The commercial fishery was examined to estimate the magnitude and value of 
the fishery. Experimental fishing was done to obtain ecological and biological 
information on the species. When monitoring the commercial fishery, the number 
of boats targeting Mukene and those targeting other species on selected days at 
16 
Bukungu were recorded. For every Mukene boat the following information was 
recorded: 
•	 Duration of fishing (the time of starting and ending the fishing operations) 
each night. 
•	 Number of fishing crew and lamps and mesh size of gear used 
•	 The total catch by counting the number of basins, which was the traditional 
measure, used to market fresh Mukene at the landing. 
•	 The weight of the fish in each basin in order to estimate the total weight of 
Mukene landed by each boat. 
•	 The costs of fresh and later dry weight per basin . 
A known number of basins of fresh Mukene were sun-dried to estimate the 
conversion from fresh to dry weight. Dry Mukene is marketed in sacks. The 
number of basins thus the value of dry Mukene per sack was recorded and an 
estimate made of the number of sacks being marketed weekly from Bukungu. 
Sampling methods 
Biological and ecological data was obtained using samples from both the 
commercial catches and experimental fishing. Artisanal fishermen caught fish by 
light attraction using kerosene pressure lamps as described in Okedi (1981) and 
Witte and van Densen (1995). Experimental fishing involved the method as 
employed by the artisanal fishermen . A random sample of approximately 0.5-kg 
was obtained and preserved in 5% formaldehyde solution . It was appropriately 
labelled for laboratory analysis . 
Laboratory examination 
In the laboratory samples were soaked in water to remove excess formaldehyde . 
Bye-catch fish species were sorted out, identified , their lengths, numbers and 
total weights were taken. Length frequency data of R. argentea were generated 
by measuring standard length (SL) to the nearest mm. From each one-mm length 
class 10 specimens were randomly selected for biological investigations. For 
every selected specimen, length and weight (to the nearest mg) were taken . The 
fish was cut open and sexed as in Bagenal and Braum (1978) . 
Results and discussion 
The Potential of the Mukene Fishery on Lake Kyoga 
Mukene is rarely eaten fresh . It is sun dried before it is sold off. At the landing , 
fresh Mukene is sold in plastic containers (basins) of an average weight of 20 kg . 
The fish is sold to processors, who are mostly women. After a day's sun drying 
the fish is ready for packing in bags for sale. Mukene has proved a very reliable 
source of income on Lake Kyoga for both the fishermen and the women who 
process it. In 1997 it is estimated that an average of 8 plastic basins (160 kg) of 
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fresh Mukene worth Uganda Sh .24000 were being landed per canoe per day. A 
Lampara net costs between Sh .300000 and Sh.500000. Its cost can therefore be 
recovered within a period of two months after all other expenses. It is also 
I 
estimated that 1800metric tons of fresh Mukene worth Uganda Shillings 266 
million was landed fresh at Bukungu After processing this translated into 
Shillings 532 million , twice the price of the unprocessed fish . Because of the 
I 
good quality of Mukene from Lake Kyoga , the bulk of it is for human 
consumption . Unlike on Lake Victoria where the fish is sometimes dried on bare 
ground , Mukene on Lake Kyoga is spread on old nets and papyrus mats to dry. 
I 
This is exported mainly to the Democratic Republic of Congo and Sudan via 
Paidha market in West Nile. Some is sold to the Kenyan Market through Busia. 
The exported fish probably earns more that twice the Bukungu price. 
I Biological and Ecological Aspects of Mukene 
Population structure 
I Length frequency analysis of populations of R. argentea in Lake Kyoga during 
the year 1997 showed that mean monthly length of fish ranged from 33.8mm SL I in January to 40.3mm SL in December (Table I). The species grew to a smaller 
I 
adult size in this lake than on Lake Victoria . Percent contribution of immature 
Mukene caught was quite low, ranging from 13.8 also in January to zero in 
December (Table I) . Recent sampling of commercial catches at Bukungu in July 
I 
2000 however indicates that this structure has changed . Larger fish specimens 
(population mean 43.4mm SL) comparable to those on Lake Victoria are now 
being recovered from this fishery. The population structure of Mukene from Lake 
Kyoga in 1997, 2000 and that of Lake Victoria is given in Figure 2. 
I Size at first maturity 
I 
Fishes showing gonad sexual maturity stages I and II were considered immature 
while those at stages III and above were mature. Both sexes of R. argentea in 
this lake matured at 30mm SL. All fish above 35 mm were mature. The smallest 
mature specimen was a female measuring 26mm SL. On Lake Victoria Mukene 
matures at 41 and 42 respectively for males and females (Wandera 2000) . 
I Breeding periods and fecundity 
I Fishes showing sexual maturity stages V and VI were regarded as breeding , while III to IV and VII were considered resting and spent respectively. Breeding 
took place throughout the year indicating that the species has high capacity to 
replace itself. At anyone time more than 30% of adult population of Mukene was 
found breeding (Table II) . 
I 
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There were however two peaks (>50% of adult population breeding) in breeding 
activities that occurred in the months of January and August / September (Figure 
I 
2) . The second breeding season , peaking in January was protracted lasting four 
moths, November to February. Least breeding occurred in the months of April to 
July. Breeding peaks observed occurred during the dry months of the year. On 
I 
Lake Victoria a similar sequence was noted (Wandera 1999). Breeding was 
synchronized with the period of abundant food for both the brooding stock and 
the young . Zooplankton abundance in the Jinja waters of Lake Victoria peaks 
around the months of July and August (Ndawula-Mwebaza 1998). Similarly, 
juvenile Mukene are in abundance in Lake Kyoga Around the same time (Table 
I I) . 
I 
The number of eggs produced by Mukene in Lake Kyoga varied from a mean of 
118 eggs in a small fish of 27-mm SL to 1250 in one of 47 mm. Although 
population structure of Mukene from the two lakes makes it difficult to directly 
compare fecundity , the small length range of overlap shows that R. argenteaII from Kyoga shows a higher fecundity value than that on Lake Victoria (Table III ). 
Food and feeding 
I 
I Adult R. argentea fed on zooplankton . Copepods formed the bulk of the food in 
the guts of these fishes . Juveniles of the species fed on copepods and the early 
instars of aquatic dipterans (chaoborids and chironomids) . R. argentea found 
near the water surface and very close to the shoreline fed on a variety of aquatic 
insects common in these zones. Such insects included Odonata (zygopterans) 
and ephemeropteran nymphs, trichopteran larvae, adult hemipterans (coryxids) 
and even adult lake flies (chaoborids and chironomids) on days when swarms of 
them emerged. This diet is similar to that observed on Lake Victoria (Ndawula­
Mwebaza 1998). 
Seasonal abundance 
Lake Kyoga normally experiences two wet (March - May and September 
November) and two dry (December - February and June - August) seasons. 
Analysis of catch rates of Mukene from Bukungu indicates highest catches during 
ra in seasons (Table IV). 
Total catches may however be poorer during the rainy seasons due to the fact 
that rains often disrupt fishing operations. 
Management of the Mukene Fishery 
Sustainable exploitation of R. argentea in Lake Kyoga can be maintained if strict 
management measures are put in place. The most vital intervention points have 
been identified as: 
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a) Fishing Gears and Methods 
I 
I Mukene is exploited by light attraction (Okedi 1981 , Witte and van Densen 1995) The most common gears in use in the lake are scoop nets and lampara (boat 
seines) . When fishing for Mukene started on Lake Kyoga in 1994, the gear in use 
was a scoop net of 5mm mesh. Within a period of just one-year this method had 
I 
been replaced with the lampara net. The mesh size also shifted from 5mm to 
3mm . Because of the small size of adult mukene from this lake, the 3mm mesh 
net appears to have minimal effect on Mukene juveniles. Further reduction to a 
I 
smaller size should however not be encouraged on the lake. The net however 
can capture many juveniles of the larger sized table fishes. Lake Kyoga being 
relatively shallow with a mean depth of 2.5m , the 3 meter-deep nets used cover 
I 
almost the whole water column . Thus unlike on Lake Victoria where fish found 
below the net depth can escape, in the shallow Kyoga all fish surrounded is 
caught resulting in higher percentage of bye-catch fish species. 
b) Closed fishing grounds 
I The impact of the Mukene fishery on the stocks of other species depends on the part of the lake where fishing is done. Preliminary observations from commercial 
catches from near-shore/bays and in offshore/open waters (Table V) show that 
I when fishing is done close to the shore or in sheltered bays, many juveniles of Nile perch and Tilapia are caught s bye-catch . These inshore areas also contain 
the highest diversity of other fish species such as the mormyrids, Barbus andI rare haplochromines whose population have been depleted from the open lake by Nile perch predation . 
Being a relatively shallow lake, many fish species occur lake-wide. However the 
frequency of capture of the juvenile Nile tilapia , an important commercial species 
on the lake is higher in fishing grounds inshore than offshore. The otherI commercial species the Nile perch is well spread in the two habitats. Adult 
I 
haplochromines and Barbus magdalene also occur more commonly as bye-catch 
species inshore. Fishing for Mukene should therefore not be allowed in these 
small bays and in waters less than 500m from the shoreline. Fishermen should 
instead be encouraged to fish in more open waters . 
Areas Needing Further Research 
Mukene fishery on Lake Kyoga is still relatively new. The species is exploited
I from only five landings. The fishery is however expected to spread to the rest of the lake. As the fishery spreads, changes in bio-ecological parameters of Mukene 
populations are expected . The above study gives the baseline data on the fishery I at its initial stages . Monitoring these biological parameters will be essential in 
order to understand the trends in the future fishery and how it affects the Tilapia 
and Nile perch fisheries already established on Lake Kyoga. In addition future I Mukene work on the lake should involve: 
•	 An assessment of the stocks of R. argentea in the lake to establish whether 
the fishery can support both human exploitation and still serve as food of the 
Nile perch another important fishery on the lake. 
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• Trophic interaction between R. argentea and other fish species of Lake 
Kyoga . 
•	 Collection of more data on the effect of Mukene fishing on populations of 
other fishes especially the Tilapia and Nile perch. 
I • Data on the minimum distance from the shoreline Mukene fishing should be allowed. 
•	 Cost benefit analysis of the Mukene fishery on the lake. 
I • Quality improvement and minimization of Post- harvest losses. 
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Table 1. Mean monthly length and % contribution of immature Mukene in L. Kyoga catches 
I
 
I
 
Jan Feb Mar Apr May Jun Jul Sep Oct Nov Dec 
Mean Size 
(mm) 
33.8 37 .1 34.7 34 .9 37 .6 39.1 37.5 35.1 37 .9 40.3 
%immature 13.8 0 0.87 1.52 2.55 2.08 0.18 0.61 0.29 0 
I Table II. Monthly percentage of breeding R. argentea in Lake Kyoga (1997) 
I
 
I
 Table III Fecundity of comparable sizes of R. argentea from Lakes Kyoga and Victoria
 
SL (mm) 39 40 41 42 43 44 45 46 47 
Kyoqa 307 406 648 728 858 932 939 1129 1250 
Victoria na n a 501 582 612 765 784 804 863I 
I Table IV Monthly catch rates (Kg/hr) of R. argentea landed at Bukungu L. Kyoga 
Season Month Catch rates Kq/hr 
Dry (First) December 15 
Wet (First) April 23 
Dry (Second ) July 17 
Wet (Second) October 31 
I
 
I 
I 
Table V Composition and frequency of occurrence of Mukene and its bye-catch species in 
commercial catches inshore and offshore L. Kyoga 
argentea niloticus Lates Haplos Barbus Others 
In Shore % nos. 95 1.2 1.1 0.6 0.1 
% occ. 100 88 54 59 42 13 
Off Shore % nos. 98 0.9 0.9 0.02 0.2 
% occ. 100 40 54 10 24 -
I 
Table 1. Mean monthly length and % contribution of immature Mukene in L. Kyoga catches 
I Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean Size 
(mm) 33 .8 37 .1 34 .7 34 .9 37 .6 39 .1 37 .5 35.1 37 .9 40.3 
%immature 13.8 0 0.87 1.52 1.7 2.55 208 0.18 0.61 0.29 0 
Table II. Monthly percentage of breeding R. argentea in Lake Kyoga (1997) 
Dec 
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Table III Fecundity of comparable sizes of R. argentea from Lakes Kyoga and Victoria 
SL (mm) 39 40 41 42 43 44 45 46 47 
Kyoga 307 406 648 728 858 932 939 1129 1250 
Victoria na na 501 582 612 765 784 804 863 
Table IV Monthly catch rates (Kg/hr) of R. argentea landed at Bukungu Lake Kyoga 
Season Month Catch rates Kg/hr. 
Dry (First) December 15 
Wet (First) April 23 
Dry (Second) July 17 
Wet (Second) October 31 
Table V Composition and frequency of occurrence of Mukene and its bye-catch species in 
commercial catches inshore and offshore Lake Kyoga 
R. arqen. O. nilot. Lates Haplos Barbus Others 
In Shore % nos. 95 1.2 1.1 2.4 0.6 0.1 
% occ. 100 88 54 59 42 13 
Off Shore % nos. 98 0.9 0.9 0.02 0.2 -
% occ. 100 40 54 10 24 -
13.	 Changes in the Fishing Effort and the Impact of Fishing Gears and 
Fishing Methods on Fishes and Fisheries of Lake Kyoga 
By J.R. Kamanyi, Ogutu-Ohwayo, R, Wandera S.B., & F. Mugume 
Introduction 
Lake Kyoga at the time of Worthington Survey (Worthington , 1929) was fished by 
only natives around it. The fishing gears consisted of locally made basket traps , 
hooks and seine nets made out of papyrus. Fishing was mainly during the dry 
season as in wet season , the fishermen would revert to crop growing . During 
1937 to 1950s Oreochromis variabi/is, oreochromis escu/entus (Ngege) and 
, Protopterus aethiopicus (Mamba) were the most important commercial fish 
species and contributed over 95% to the total landings until early 1950s when 
their proportions started to change as a result of changes in fishing techniques. 
The tilapiines were then being caught using mainly basket traps and P. 
aethiopicus was caught in hooks prior to the early 1950s. 
In 1954, Oreochromis ni/oticus, Oreochromis /eucostictus and Ti/apia zillii were 
introduced in the lake and by 1958 these tilapiines were abundant and the 4-5" 
(101mm - 127mm) mesh size nets were used to harvest especially the big 
(1.8kg) O. ni/oticus. 
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